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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to a 
speed changing gear device in an automatic transmis- 
sion for motor vehicles such as automobiles and rail- 
way carriages, and more particularly to such a speed 
changing gear device which is equipped with two sin- 
gle-pinion type planetary gear units and one double- 
pinion type planetary gear unit 

Discussion of the Prior Art 

A known speed changing gear device used in an 
automatic transmission for a motor vehicle has a plur- 
ality of suitably assembled planetary gear units, each 
of which has a sun gear, a ring gear, at least one plan- 
etary pinion meshing with the sun and ring gears, and 
a carrier rotatably supporting the planetary pinion or 
pinions. One of these gears and carriers (pinions) of 
the planetary gear units serves as an input element 
which is connected to an input member of the trans- 
mission, and another element of the gear device 
serves as an output element which is connected to an 
output member of the transmission, while other ele- 
ments may be fixed to a stationary member such as 
a transmission casing. In this arrangement, a rotary 
motion of the input member of the transmission is 
transmitted to the output member, at different speed 
reduction ratios, for forward or reverse running of the 
vehicle. 

The speed reduction ratios provided by the speed 
changing gear device as described above vary to a 
considerable extent depending upon the manner of 
assembling or connecting the planetary gear units, 
the gear ratio of each planetary gear unit (i.e., number 
of teeth of the sun gear divided by number of teeth of 
the ring gear), and the number of the planetary pin- 
ions each planetary gear unit has. However, not all 
conceivable configurations of the planetary gear de- 
vice are practically usable. Namely, the speed chang- 
ing gear device having a series of planetary gear un its 
can be practically adopted if the gear device satisfies 
various conditions or limitations, such as installation 
adaptability to the vehicle body, feasibility of produc- 
tion, and power transmitting and speed changing 
characteristics and performance. In other words, nu- 
merous types of planetary gear device can be con- 
structed by merely changing the combination and the 
gear ratios of the planetary gear units. Therefore, it is 
rather difficult to figure out the speed changing gear 
device which satisfies all the conditions indicated 
above required for an automatic transmission for a 
motor vehicle. 

Various types of speed changing gear devices 



suited for use in the automatic transmission have 
been proposed under the situation as described 
above. For example, laid-open Publications Nos. 51- 
17767, 51-48062, 51-108168, 51-108170 and 51- 

5 1 27968 of unexamined Japanese Patent Applications 
disclose speed changing planetary gear devices hav- 
ing three planetary gear units. 

In the speed changing gear device having a plur- 
ality of planetary gear units, however, the number of 

10 operating positions provided by the gear device and 
the speed reduction ratios of the respective operating 
positions are greatly variable, depending upon how 
the planetary gear units are connected to each other, 
which element of the gear device is connected to the 

15 input member of the transmission and which elements 
are made f ixable to a stationary member. Practically, 
a suitable speed changing gear device for a vehicle 
transmission is selected based on the output charac- 
teristic of the engine to which the transmission is con- 

20 nected, and the type and required characteristics of 
the vehicle on which the transmission is installed. If 
the different types of motor vehicle require speed 
changing gear devices which are differently con- 
structed in the gear train arrangement of the planet- 

25 ary gear units, as well as in the location of the clutch- 
es and brakes, the number of the types of the gear 
devices that should be prepared is as large as that of 
the types of the motor vehicles on which the gear de- 
vices are installed. This results in poor productivity of 

30 the gear devices due to increased time for designing 
and manufacturing thereof. Namely, there should be 
prepared many basic arrangements of planetary gear 
assembly, which cannot enjoy common manufactur- 
ing or assembling steps, and the productivity of the 

35 necessary line of gear devices is accordingly low- 
ered. 

As described above, the speed changing gear 
device having a plurality of planetary gear units is ca- 
pable of establishing a plurality of speed reduction ra- 

40 ttos, which largely differ depending on the manner of 
connecting the planetary gear units and the locations 
of the clutches and the brakes in the planetary gear 
assembly. Therefore, it is technically possible to de- 
termine the number of operating positions and the 

45 speed reduction ratios of the gear device as needed, 
by changing the numbers and locations of the clutch- 
es for receiving power from the engine and the brakes 
for holding stationary the selected elements of the 
gear device, while maintaining the same combina- 

50 tionsof elements of the planetary gear units which are 
permanently fixed together, or connectable to each 
other by clutch means. In this way, the problem de- 
scribed above can be solved to some degree since 
the same basic arrangement of the planetary gear 

55 assembly may be used for different configurations of 
the gear devices. In this case, it is desirable that the 
basic arrangement of the planetary gear assembly is 
made relatively compact and small-sized, and easy to 
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manufacture, and provides the speed reduction ratios 
which vary substantially in the form of a geometric 
progression, for reducing shifting shocks, tt is also de- 
sirable that the basic arrangement provides a rela- 
tively wide range of speed reduction ratios, which in- 
cludes a speed reduction ratio of "1 " or lower as need- 
ed. 

On the other hand, the conventional speed 
changing gear devices as disclosed in the above- 
identified publications are not able to establish an 
overdrive position whose speed reduction ratio is "1" 
or lower. Further, these publications do not show the 
manner of changing the arrangement of the clutches 
and brakes so as to change the operating positions 
provided by the gear devices. In the conventional 
gear devices, the speed reduction ratios of the oper- 
ating positions do not always change in the form of a 
geometric progression, thereby unfavorably inducing 
the shifting shocks, which deteriorate the driving 
comfort of the vehicle. 

DE-A-24 06 124 describes a speed changing 
gear device having the features of the preamble of 
claim 1. 

SUMMARY OF THE INVENTION 

The present invention was developed in the light 
of the situations described above. It is accordingly an 
object of the invention to provide a speed changing 
gear device in an automatic transmission for a motor 
vehicle, which has a basic arrangement including a 
plurality of planetary gear units, so that the arrange- 
ment permits easy modifications to provide different 
specific configurations which suit composite require- 
ments of different types of automatic transmission of 
the vehicle. 

The above object may be attained according to 
the principle of the present invention, which provides 
a speed changing gear device in an automatic trans- 
mission for a motor vehicle, in accordance with Claim 
1. 

Where the two elements indicated above are 
fixed to each other, these two elements may be sep- 
arate members secured to each other by a suitable 
method. Alternatively, the two elements may be 
formed as a single integral member which attains two 
functions corresponding to the two elements. In the 
latter case, too, the two elements are interpreted to be 
fixed to each other by fixing means, according to the 
principle of the present invention. The clutch means 
indicated above may be a clutch which is engaged for 
selectively connecting the appropriate two elements 
indicated above. 

In the speed changing device of the present in- 
vention constructed as described above, the ring 
gears of the first and third planetary gear units are al- 
ways or momentarily rotated or held stationary as a 
unit, or rotated or held stationary independently of 
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each other, thereby serving as an integral stationary 
element, separate stationary elements, an integral in- 
put element or separate input elements which is/are 
connected to the input member, or an integral output 

5 element or separate output elements which is/are 
connected to the output member. Similarly, the sun 
gear of the first planetary gear unit and the ring gear 
of the second planetary gear unit serve as the inte- 
gral stationary element or separate stationary ele- 

10 ments, the integral input element or separate input 
elements, or the integral output element or separate 
output elements. Further, the carriers of the second 
and third planetary gear units serve as the integral 
stationary element or separate stationary elements, 

15 the integral input element or separate input elements, 
or the integral output element or separate output ele- 
ments. Moreover, the sun gears of the second and 
third planetary gear units serve as the integral sta- 
tionary element or separate stationary elements, the 

20 integral input element or separate input elements, or 
the integral output element or separate output ele- 
ments. Each of the independent elements of the 
speed changing gear device, such as the carrier of 
the first planetary gear unit, serves as an indepen- 

25 dent stationary, input or output element of the device. 
Thus, the individual planetary gear units cooperate to 
transmit a rotary motion of the input member of the 
transmission to the output member, at the different 
speed reduction ratios (which may include direct drive 

30 and/or overdrive ratio or ratios), for forward or reverse 
running of the vehicle. At least one of the three plan- 
etary gear units contributes to establishing the speed 
reduction ratio of the selected operating position, ex- 
cept for the direct drive position whose speed reduc- 

35 tion ratio is equal to "1 The present speed changing 
gear device may be adapted to provide a relatively 
large number of operating positions including five to 
seven forward drive positions and one to two reverse 
drive positions, permitting stepwise speed changes 

40 over a relatively wide range of speed reduction ratio 
(that is, a relatively high ratio of the highest reduction 
ratio to the lowest reduction ratio). Further, the speed 
reduction ratios provided by the gear device may be 
determined so as to vary substantially in the form of 

45 a geometric progression. 

The present speed changing gear device incor- 
porating the two single-pinion type planetary gear 
units and the one double-pinion type planetary gear 
unit gives a compact automatic transmission which 

50 can be readily modified for various applications, and 
which displays improved power transmitting charac- 
teristics, with reduced shifting shocks. 

In one form of the invention, clutch means is pro- 
vided between the first sun gear and the second ring 

55 gear for connecting these two elements when need- 
ed. In another form of the invention, clutch means is 
provided for selectively connecting the second and 
third carriers 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and ad- 
vantages of the present invention will become more 
apparent by reading the following detailed description 5 
of presently preferred embodiments of the invention, 
when considered in conjunction with the accompany- 
ing drawings, in which: 

Fig. 1(a) is a schematic view illustrating a part of 
an automatic transmission which incorporates 10 
one embodiment of a speed changing gear de- 
vice of the present invention; 
Fig. 1(b) is a view showing operating positions of 
the gear device of Fig. 1 (a), and on-off states of 
clutches and brakes of the gear device to estab- 15 
lish the positions of the gear device; 
Figs. 2(a), 3, 4, 5(a), 6(a), 7(a), 8(a), 9(a), 10(a), 
11(a), 12(a), 13(a) and 14(a) are schematic views 
corresponding to that of Fig. 1, showing various 
other embodiments of the invention; 20 
Figs. 2(b), 5(b), 6(b), 7(b), 8(b), 9(b), 10(b), 11(b), 
12(b). 13(b) and 14(b) are views showing operat- 
ing positions of the gear devices of the embodi- 
ments of Figs. 2(a), 5(a), 6(a), 7(a), 8(a), 9(a), 
1 0(a), 1 1 (a), 1 2(a), 1 3(a) and 1 4(a), respectively, 25 
and on-off states of clutches and brakes of t he re- 
spective gear devices. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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Referring first to Fig. 1(a), there is shown one em- 
bodiment of a speed changing gear device used in an 
automatic transmission for a motor vehicle, which in- 
cludes a first planetary gear unit 1 , a second planet- 35 
arygearunit2anda third planetary gear unit 3. Each 
of the first and second planetary gear units 1, 2 is a 
single-pinion type planetary gear assembly, while the 
third planetary gear unit 3 is a double-pinion type 
planetary gear assembly. 40 

More specifically described, the first planetary 
gear unit 1 has a first sun gear 1S, a first planetary 
pinion 1P, a first carrier 1C and a first ring gear 1R. 
The first sun gear and ring gear 1S, 1R are disposed 
in coaxial relation with each other, while the first plan- 45 
etary pinion 1 P is rotatably supported by the first car- 
rier 1 C and is disposed between and meshes with the 
first sun gear and ring gear 1S, 1R. The second plan- 
etary gear unit 2 has a second sun gear 2S, a second 
planetary pinion 2P, a second carrier 2C and a sec- 50 
ond ring gear 2R. The second sun gear and ring gear 
2S, 2R are disposed in coaxial relation with each 
other, while the second planetary pinion 2P are rotat- 
ably supported by the second carrier 2C and is dis- 
posed between and meshes with the second sun 55 
gear and ring gear 2S, 2R. 

The third planetary gear unit 3 has a third sun 
gear 3S, a pair of third planetary pinions 3P which 



mesh with each other, a third carrier 3C and a third 
ring gear 3R. The third planetary gear unit 3 may in- 
clude two or more pairs of third planetary pinions 3P. 
The pair of third planetary pinions 3P are rotatably 
supported by the third carrier 3C and are disposed 
between the third sun gear and ring gear 3S, 3R. One 
of the two third planetary pinions 3P meshes with the 
third sun gear 3S, while the other pinion 3P meshes 
with the third ring gear 3R. 

In the speed changing gear device, the first and 
third ring gears 1R and 3R are fixed to each other for 
rotation as a unit, while a third clutch K3 is provided 
between the first sun gear 1S and the second ring 
gear 2R so that the gears 1S, 2R are connectable to 
each other by the third clutch K3. Further, the second 
carrier 2C and the third carrier 3C are fixed to each 
other for rotation as a unit, while the second sun gear 
2S and the third sun gear 3S are fixed to each other 
for rotation as a unit. 

Suitable connecting means is provided between 
the mutually connected elements as described 
above. The connecting means may be a hollow shaft, 
a solid shaft, a connecting drum, or other connecting 
member that is used in a conventional automatic 
transmission for a motor vehicle. 

An input shaft 4 is connected to an engine (not 
shown) of the vehicle via suitable power transmission 
means such as a torque converter and a fluid cou- 
pling. Between the input shaft 4 and the first sun gear 
1S, there is provided a first clutch K1 for selectively 
connecting the two members 4, 1 S. Further, a second 
clutch K2 is provided between the input shaft 4 and 
the first carrier 1C for selective connection there- 
between. Each of the first, second and third clutches 
K1 , K2 and K3 may use a wet type multiple-disk clutch 
or a one-way clutch, or a combination of the multiple- 
disk clutch and one-way clutch in series or parallel 
connection with each other. These types of clutches 
are selectively engaged and disengaged for connect- 
ing and disconnecting the appropriate elements with 
and from each other, by a hydraulically operated ser- 
vo device or other actuating device that is generally 
used in the automatic transmission. It will be under- 
stood that suitable connecting or intermediate mem- 
bers such as connecting drums may be provided for 
the clutches K1 , K2, K3, for assuring the space within 
a transmission casing 6 for installation of the ele- 
ments (gears and carriers) of the three planetary 
gear units. 

The speed changing gear device further incor- 
porates a first brake B1 , a second brake B2 and a 
third brake B3. The first brake B1 is engaged forfixing 
the first carrier 1C to the transmission casing 6. The 
second brake B2 is engaged for fixing the first and 
third ring gears 1R, 3R to the transmission casing 6, 
while the third brake B3 is engaged forfixing the sec- 
ond and third sun gears 2S, 3S to the transmission 
casing 6. Each of the brakes B1, B2 and B3 may use 
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a wet type multiple-disk brake, a band brake, a one- 
way clutch, or a combination thereof. These types of 
brakes are engaged and released for selectively lock- 
ing the appropriate elements, by a hydraulicaJly oper- 
ated servo device or other actuating device that is s 
generally used in the automatic transmission. In prac- 
tice, suitable connecting means may be provided be- 
tween the brakes B1, B2, B3 and the corresponding 
elements to be locked, or between the brakes and the 
transmission casing 6. 10 

To the second and third carrier 2C, 3C of the sec- 
ond and third planetary gear units 2, 3, there is con- 
nected an output shaft 5 which serves to transmit a 
rotary motion from the gear device or transmission to 
a propeller shaft or a counter gear (not shown) of a 15 
motor vehicle. 

The present speed changing gear device con- 
structed as described above has eight operating pos- 
itions, i.e., seven forward-drive positions (1st-speed, 
2nd-speed, 3rd-speed, 4th-speed, 5th-speed, 6th- 20 
speed and 7th-speed positions), and one rear-drive 
position. As indicated in the table of Fig. 1(b), these 
eight positions are selectively established by simulta- 
neous engagement of three frictional coupling devic- 
es selected from the first, second and third clutches 25 
K1-K3 and the first, second and third brakes B1-B3. 
The table shown in Fig. 1(b) also indicates the speed 
reduction ratios (speed of the input shaft 4/speed of 
the output shaft 5) of the respective operating posi- 
tions of the gear device, and their specific values 30 
which are obtained in the present embodiment in 
which the planetary gear units 1, 2, 3 have respective 
gear ratios = 0.317, p 2 = 0.379 and pa = 0.320. In 
the table, the engaged clutches and brakes are indi- 
cated by "o" marks. There will be described in detail 35 
each operating position of the speed changing gear 
device. 

1 ST-SPEED FORWARD-DRIVE POSITION 

40 

The 1st-speed position of the speed changing 
gear device is established or selected by concurrent 
engagement of the first and third clutch K1, K3 and 
the first brake B1. In this condition, the first sun gear 
1 S and the second ring gear 2R are connected to the 45 
input shaft 4, while the first carrier 1C is fixed to the 
transmission casing 6. In the first planetary gear unit 
1 , the first sun gear 1 S is rotated with the input shaft 
4 with the first carrier 1C being locked, whereby the 
first ring gear 1 R is rotated in the reverse direction op- so 
posite to the direction of rotation of the input shaft 4, 
at a speed lower than the rotating speed of the input 
shaft 4. This reverse rotation of the first ring gear 1R 
is transmitted to the third ring gear 3R of the third 
planetary gear unit As a result, the third sun gear 3S 55 
is rotated in the same reverse direction as the third 
ring gear 3R, since the third carrier 3C is connected 
to the output shaft 5 with a load applied to the carrier 



3C. In the second planetary gear unit 2, on the other 
hand, the second ring gear 2R is rotated with the in- 
put shaft 4, while the second sun gear 2S fixed to the 
third sun gear 3S is rotated in the reverse direction, 
whereby the second carrier 2C and the third carrier 
3C connected thereto are rotated in the forward direc- 
tion, i.e., in the direction of rotation of the input shaft 
4. Consequently, the output shaft 5 connected to the 
second and third carriers 2C, 3C is rotated in the for- 
ward direction, at a considerably reduced speed as 
compared with the rotating speed of the input shaft 
4, i,e, at the highest speed reduction ratio among the 
seven forward-drive positions. The speed reduction 
ratio of the transmission placed in this 1st-speed pos- 
ition is represented by (p2 + p3)/(P3 - P1P2). an d its spe- 
cific value in this embodiment is 3.498. 

2ND-SPEED FORWARD-DRIVE POSITION 

The 2nd-speed position of the gear device is es- 
tablished by concurrent engagement of the first and 
third clutches K1, K3 and the second brake B2. In 
other words, the shifting operation from the 1st- 
speed position to the 2nd-speed position requires dis- 
engagement of the first brake B1 and engagement of 
the second brake B2. In this condition, the first plan- 
etary gear unit 1 does not contribute to any speed re- 
ducing operation, because the first carrier 1C is re- 
leased from both the input shaft 4 and the transmis- 
sion casing 6. In the second planetary gear unit 2, on 
the other hand, the second ring gear 2R is rotated 
with the input shaft 4, with a load applied from the 
output shaft 5 to the second carrier 2C, whereby the 
second sun gear 2S is rotated in the reverse direction 
as described above. This reverse rotation of the sec^ 
ond sun gear 2S is transmitted to the third sun gear 
3S of the third planetary gear unit 3. 

With the third ring gear 3R fixed to the transmis- 
sion casing 6 by the second brake B2, the third car- 
rier 3C is rotated in the forward direction when the 
third sun gear 3S is rotated in the reverse direction. 
This forward rotation of the third carrier 3C is trans- 
mitted to the second carrier 2C fixed to the third car- 
rier 3C. In the second planetary gear unit 2, therefore, 
the second ring gear 2R and the input shaft 4 are con- 
currently rotated, and the second sun gear 2S is ro- 
tated in the reverse direction, while the second carrier 
2C is rotated in the forward direction, at a relatively 
reduced speed as compared with the rotating speed 
of the input shaft 4. In short, the rotary motion of the 
input shaft 4 is transmitted to the output shaft 5 in the 
speed reduction manner in which the second and 
third planetary gear units 2, 3 substantially contribute 
to increasing the speed reduction ratio of the gear de- 
vice. The speed reduction ratio provided by the gear 
device placed in this 2nd-speed position is represent- 
ed by (ps + p2)/p3, and its specific value in the present 
embodiment is 2.184. 
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3RD-SPEED FORWARD-DRIVE POSITION 

The 3nJ-speed position of the gear device is es- 
tablished by concurrent engagement of the first and 
third dutches K1 # K3 and the third brake B3. In other s 
words, the shifting operation from the 2nd-speed pos- 
ition to the 3rd-speed position requires disengage- 
ment of the second brake B2 and engagement of the 
third brake B3. In this condition, the first sun gear 1S 
is connected to the input shaft 4 for rotation as a unit, 1 o 
while the second and third sun gears 2S, 3S are fixed 
to the transmission casing 6. In this 3rd-speed posi- 
tion, neither the first planetary gear unit 1 nor the 
third planetary gear unit 3 contributes to any speed 
reducing operation, because the first carrier 1 C is dis- 1 s 
connected from both the input shaft 4 and the trans- 
mission casing 6, and the third ring gear 3R is discon- 
nected from the transmission casing 6. In the second 
planetary gear unit 2, the second ring gear 2R is ro- 
tated with the input shaft 4 while the second sun gear 20 
2S is locked by the third brake B3, whereby the sec- 
ond carrier 2C and the output shaft 5 connected to 
the carrier 2C is rotated in the the forward direction 
at a relatively reduced speed as compared with the 
rotating speed of the input shaft 4. The speed reduc- 25 
tion ratio of the gear device which is placed in this 3rd- 
speed position is represented by 1 + p 2 , and its spe- 
cific value in the present embodiment is 1 .379. 

4TH-SPEED FORWARD-DRIVE POSITION 30 

The 4th-speed position of the gear device is es- 
tablished by concurrent engagement of the first, sec- 
ond and third clutches K1 , K2, K3 and disengagement 
of all the brakes B1 . B2, B3. In other words, the shift- 35 
ing operation from the 3rd-speed position to the 4th- 
speed position requires disengagement of the third 
brake B3 and engagement of the second clutch K2. 
In this 4th-speed position, the first sun gear 1S and 
the first carrier 1 C of the first planetary gear unit 1 , 40 
and the second ring gear 2R of the second planetary 
gear unit 2 are all connected to the input shaft 4. As 
a result, the first planetary gear unit 1 as a whole is 
rotated in the forward direction at the same speed as 
the rotating speed of the input shaft 4, and the for- 45 
ward rotation of the first ring gear 1R is transmitted to 
the third ring gear 3R of the third planetary gear unit 
3. Since the second and third sun gears 2S, 3S and 
the second and third carriers 2C, 3C are respectively 
fixed to each other for rotation as a unit, the whole so 
structure of the second and third planetary gear units 
2, 3 is rotated in the forward direction at the same ro- 
tating speed as the input shaft 4, when the second 
and third ring gears 2R, 3R are concurrently rotated 
with the input shaft 4. In short, the rotary motion of 55 
the input shaft 4 is directly transmitted to the output 
shaft 5, with the three planetary gear units 1 , 2, 3 ro- 
tated as a unit In this case, the speed reduction ration 



of the gear device is "1". 

5TH-SPEED FORWARD-DRIVE POSITION 

The 5th-speed position of the gear device is es- 
tablished by concurrent engagement of the second 
clutch K2, the third clutch K3 and the third brake B3. 
In other words, the shifting operation from the 4th- 
speed position to the 5th-speed position requires dis- 
engagement of the first clutch K1 and engagement of 
the third brake K3. In this condition, the first planet- 
ary gear unit 1 is adapted such that the first sun gear 
1 S is rotated in the forward direction at a speed higher 
than the rotating speed of the input shaft 4, and such 
that the first ring gear 1R is rotated in the forward di- 
rection at a speed lower than the input shaft 4. In the 
second and third planetary gear units 2, 3 in which the 
two carriers 2C, 3C and the two sun gears 2S, 3S are 
respectively fixed to each other, the second ring gear 
2R is rotated in the forward direction at a speed higher 
than the input shaft 4, and the third ring gear 3R is 
rotated in the forward direction at a speed lower than 
the input shaft 4. Consequently, the second and third 
carriers 2C, 3C and the output shaft 5 connected 
thereto are rotated in the forward direction at a speed 
higherthan the input shaft 4. Thus, the rotary motion 
of the input shaft 4 is transmitted to the output shaft 
5 with the transmission placed in the 5th-speed over- 
drive position. The speed reduction ratio of the trans- 
mission in this position is represented by (1 + p, + p^ 2 
- P3>/(1 + Pi), and its specific value in the present em- 
bodiment is 0.848. 

6TH-SPEED FORWARD-DRIVE POSITION 

The 6th-speed position of the gear deivce is es- 
tablished by concurrent engagement of the first and 
second clutches K1, K2 and the third brake B3. In 
other words, the shifting operation from the 5th- 
speed position to the 6th- speed position requires dis- 
engagement of the third clutch K3 and engagement 
of the first clutch K1 . Since both the first sun gear 1 S 
and the first carrier 1C are connected to the input 
shaft 4 by the clutches K1 , K2, the first planetary unit 
1 as a whole is concurrently rotated with the input 
shaft 4, in the same direction (forward direction) as 
that of rotation of the shaft 4. As a result, the forward 
rotation of the first ring gear 1R is transmitted to the 
third ring gear 3R connected thereto. In the third plan- 
etary gear unit 3, therefore, the third ring gear 3R is 
rotated in the forward direction at the same speed as 
the input shaft 4, with the third sun gear 3S locked by 
the third brake B3, whereby the third carrier 3C and 
the output shaft 5 connected thereto are rotated in 
the forward direction, at a speed higher than the ro- 
tating speed of the input shaft 4. In this case, the sec- 
ond planetary gear unit 2 does not contributes to any 
speed reducing operation, because of disengage- 
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merit between the second ring gear 2R and the first 
sun gear 1S due to release of the third clutch K3. That 
is, the rotary motion of the input shaft 4 is transmitted 
to the. output shaft 5 so that the speed of rotation of 
the input shaft 4 is substantially increased by the third 
planetary gear unit 3. The speed reduction ratio of the 
transmission which is placed in this 6th-speed posi- 
tion is represented by 1 - pa, and its specific value in 
this embodiment is 0.680. 

7TH-SPEED FORWARD-DRIVE POSITION 

The 7th-speed position of the gear device is es- 
tablished by concurrent engagement of the second 
clutch K2, the third clutch K3 and the second brake 
B2. In other words, the shifting operation from the 
5th-speed position to the 7th-speed position requires 
disengagement of the third brake B3 and engage- 
ment of the second brake B2. In this condition, the 
first planetary gear unit 1 is adapted such that t he first 
carrier 1C is rotated with the input shaft 4, with the 
first ring gear 1 R locked by the second brake B2, 
whereby the first sun gear 1 S is rotated in the forward 
direction, at a considerably increased speed as com- 
pared with the rotating speed of the input shaft 4. The 
high-speed forward rotation of the first sun gear 1S 
is transmitted to the second ring gear 2R through the 
third clutch K3. in the second planetary gear unit 2, 
on the other hand, the second sun gear 2S is rotated 
in the reverse direction as the second ring gear 2R is 
rotated in the forward direction, since a load is applied 
from the output shaft 5 to the second carrier 2C con- 
nected thereto. The reverse rotation of the second 
sun gear 2S causes the third sun gear 3S to rotate in 
the same reverse direction. In the third planetary 
gear unit 3, therefore, the third carrier 3C is rotated 
in the forward direction, since the third sun gear 3S 
is reversely rotated with the third ring gear 3R being 
locked by the second brake B2. Consequently, the 
second ring gear and carrier 2R, 2C are rotated in the 
forward direction, at a far higher speed than the input 
shaft 4, while the second sun gear 2S is rotated in the 
reverse direction. Thus, the output shaft 5 connected 
to the second and third carriers 2C, 3C is rotated in 
the forward direction, at a considerably increased 
speed as compared with the rotating speed of the in- 
put shaft 4. The speed reduction ratio of the transmis- 
sion placed in this 7th-speed position is represented 
by Pi (02 + P3VP3 0 + Pi), and its specific value in this 
embodiment is 0.526. 

REAR DRIVE POSITION 

The rear drive position of the gear device is es- 
tablished by concurrent engagement of the first 
clutch K1, the first brake B1 and the third brake B3. 
More specifically, the first sun gear 1S is connected 
to the input shaft 4 through the first clutch K1, while 
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the first carrier 1C, and the second and third sun 
gears 2S, 3S are fixed to the transmission casing 6 
by the first and third brakes B1, B3. In the first plan- 
etary gear unit 1, therefore, the first sun gear 1S is 

5 rotated with the input shaft 4 with the first carrier 1C 
locked, whereby the first ring gear 1 R is rotated in the 
reverse direction, at a speed lower than the rotating 
speed of the input shaft 4. This low-speed reverse ro- 
tation of the first ring gear 1 R is transmitted to the 

10 third ring gear 3R in fixed connection with the gear 
1R. Since the third ring gear 3R is reversely rotated 
with the third sun gear 3S locked by the brake B3, the 
third carrier 3C and the output shaft 5 connected 
thereto is rotated in the reverse direction, at a rela- 
ys tively low speed. In this case, the second planetary 
gear unit 2 does not contribute to any speed reducing 
operation because of disengagement between the 
second ring gear 2R and the first sun gear 1S. The 
speed reduction ratio of the transmission placed in 

20 this rear drive position is represented by - (1 - p 3 )/pi, 
and its specific value in this embodiment is -2.144. 

It will be understood from the above description 
that the speed reduction ratios provided by the pres- 
ent speed changing gear device placed in the 1st- 

25 speed position through 4th -speed position are deter- 
mined so as to vary almost in the form of a geometric 
progression. This means that the ratio of the rotating 
speeds of the engine before and after each shifting 
operation is almost held at a constant value, permit- 

30 ting the automatic transmission to be smoothly and 
easily shifted up and down. 

Further, the present gear device has the 5th- and 
6th-speed positions as overdrive positions, which 
have respective speed reduction ratios of about 0.848 

35 and 0.68 that are held within a practically permissible 
range. These overdrive positions eliminates unneces- 
sary increase in the rotating speed of the engine dur- 
ing a high-speed running of the vehicle while assuring 
a high degree of acceleration performance, improved 

40 fuel economy and noise-free running of the vehicle. 

Moreover, any shifting operation of the gear de- 
vice from one of the six forward-drive positions (1st- 
speed through 6th-speed positions) to the adjacent 
forward-drive position (except for 7th-speed position) 

45 requires only disengagement of one of the six cou- 
pling devices including the clutches and brakes K1- 
K3, B1-B3, and engagement of another coupling de- 
vice. That is, all shifting operations are effected by 
disengaging one of the three engaged coupling de- 

50 vices and engaging one of the three disengaged cou- 
pling devices. Consequently, the gear device or trans- 
mission can be smoothly and easily shifted up and 
down, with comparatively reduced shifting shocks. 
Even if the gear device is shifted from the 5th-speed 

55 position to the 7th-speed position in place of 6th- 
speed position, the shifting operation requires only 
disengagement and engagement of appropriate two 
coupling devices (B3 and B2). 
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It is also to be noted that the present speed 
changing gear device is comparatively simple in con- 
struction, since the gear device has only three plan- 
etary gear units 1, 2, 3, which have respective gear 
ratios held within a suitable range of 0.32 - 0.38. Ac- s 
cordingly, the gear device can be constructed rela- 
tively compact and small-sized, owing to suff icientJy 
reduced radial dimensions of the three planetary gear 
units with the suitably determined gear ratios. Fur- 
ther, the relative rotating speeds of the planetary pin- 1 o 
ions 1 P, 2P, 3P with respect to the carriers 1 C f 2C, 3C 
can be sufficiently lowered. 

It will be understood from the table of Fig. 1(b) 
that all the three planetary gear units 1 f 2, 3 do not 
perform the speed increasing/reducing operations for 15 
all of the forward- and rear-drive positions of the 
transmission. That is, at least one of the planetary 
gear units 1 , 2, 3 contributes to increasing or reducing 
the rotating speed of the input shaft 4, depending 
upon the current state of engagement and disen- 20 
gagement of the clutches and brakes. It follows from 
the above description that desired operating posi- 
tions of the gear device can be established by selec- 
tively connecting the appropriate elements of the 
planetary gear units by engaging suitable clutch 25 
means such as the third clutch K3 when needed, rath- 
er than by fixing these elements together by means 
of a connecting drum, for example. In the illustrated 
embodiment, the first sun gear 1S of the first planet- 
ary gear unit 1 is connectable to the second ring gear 30 
2R of the second planetary gear unit 2 by means of 
the third clutch K3. 

Referring to Fig. 2, a speed changing gear device 
shown therein has an additional fourth clutch K4, 
which is provided for selectively connecting the third 35 
sun gear 3S and the third carrier 3S of the third plan- 
etary gear unit In this gear device, the second and 
third planetary gear units 2 t 3 are rotated as a unit 
when the fourth clutch K4 is engaged, since the third 
sun gear and carrier 3S, 3C and the second sun gear 40 
and carrier 2S, 2C respectively fixed thereto are con- 
nected or united by engagement of the fourth dutch 
K4. As indicated in the table of Fig. 2(b), a total of sev- 
en forward-drive positions and two rear-drive posi- 
tions are established by provision of the fourth clutch 45 
K4. 

As described above, the speed changing gear 
device of Fig. 1(a) is constructed such that the sec- 
ond and third sun gears 2S, 3S and the second and 
third carriers 2C, 3C are respectively fixed to each 50 
other for rotation as a unit Accordingly, the second 
and third planetary gear units 2, 3 may be replaced 
by a Ravigneaux type planetary gear assembly 7, 
which has a single sun gear 2S (3S), a single planet- 
ary pinion and carrier 2C (3C), and two ring gears 2R, ss 
3R, as shown in Fig. 3. The gear device of this type 
operates to establish the seven forward-drive posi- 
tions and one rear-drive position, according to the ta- 
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ble of Fig. 1(b). 

Similarly, the second and third planetary gear 
units 2, 3 of the speed changing gear device of Fig. 
2(a) may be replaced by a Ravigneaux type planetary 
gear assembly 7 as used in the embodiment of Fig. 3 
described just above. The thus modified gear device, 
which is shown in Fig. 4, operates to establish the 
seven forward-drive positions and two rear-drive pos- 
itions, according to the table of Fig 2(b). 

In the illustrated embodiments of Figs. 1(a) and 
2(a), the third clutch K3 is provided between the first 
sun gear 1S and the second ring gear 2R, while the 
second carrier 2C is fixedly connected to the third 
carrier 3C. However, it is possible that the first sun 
gear 1S and the second ring gear 1R is fixedly con- 
nected to each other, while suitable clutch means is 
provided between the second and third carriers 2C, 
3C. An example of this arrangement will be descri- 
bed, referring to Fig. 5(a). 

A speed changing gear device of Fig. 5(a) is a 
modification of the gear device of Fig. 1(a), in which 
the first sun gear 1S is fixed to the second ring gear 
2R, and the fifth clutch K5 is provided for selectively 
connecting the second carrier 2C and the third carri- 
er 3C. The thus modified gear device is adapted to es- 
tablish seven forward-drive positions and one rear- 
drive position, according to the table of Fig. 5(b). 

Referring to Fig. 6(a), a speed changing gear de- 
vice shown therein is a modification of the gear de- 
vice of Fig. 2(a), in which the first sun gear 1S and the 
second ring gear 2R are fixed to each other, and the 
fifth clutch K5 is provided for selectively connecting 
the second carrier 2C and the third carrier 3C. The 
gear device of Fig. 6(a) is adapted to establish seven 
forward-drive positions and two rear-drive positions, 
according to the table of Fig. 6(b). 

The fourth clutch K4 provided in the gear devices 
of Figs. 2(a), 4, 6(a) is engaged for connecting the 
second sun gear and carrier 2S, 2C and thereby unit- 
ing the whole structure of the second planetary gear 
unit 2, and for connecting the third sun gear and car- 
rier 3S, 3C and thereby uniting the whole structure of 
the third planetary gear unit 3. According to the pres- 
ent invention, additional clutch means may be provid- 
ed for uniting the whole structure of the first planetary 
gear unit 1 . 

Referring to Fig. 7(a), a speed changing gear de- 
vice shown therein is a modification of the gear de- 
vice of Fig. 1 (a), which has an additional sixth clutch 
K6 provided for selectively connecting the first sun 
gear 1S and the first ring gear 1R. Since the whole 
structure of the first planetary gear unit 1 can be in- 
tegrated by engagement of the sixth dutch K6, the 
second dutch K2 provided between the input shaft 4 
and the first carrier 1C is eliminated. The gear device 
of Fig. 7(a) is adapted to establish five forward-drive 
positions and one rear-drive position, by concurrently 
engaging three coupling devices selected from 
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among the three clutches K1, K3 V K6 and the three 
brakes B1-B3, according to the table of Fig. 7(b). 

A speed changing gear device shown in Fig. 8(a) 
is a modification of the gear device of Fig. 2(a), which 
has the sixth clutch K6 provided for selectively con- 5 
necting the first sun gear 1 S and the first ring gear 1 R. 
In this arrangement, the second clutch K2 is elimin- 
ated, and the location of the fourth clutch K4 is 
changed so that the third sun gear 3S and the third 
carrier 3C are connectable to each other by the fourth 10 
clutch K4. The gear device of Fig. 8(a) provides five 
forward-drive positions and two rear-drive positions, 
which are established by concurrent engagement of 
three coupling devices selected from among the four 
clutches K1.K3, K4, K6 and the three brakes B1, B2, 15 
B3, according to the table of Fig. 8(b). 

It will be understood from the tables of Fig. 7(b) 
and 8(b) that the first clutch K1 of each speed chang- 
ing gear device of Figs. 7(a) and 8(a) is engaged for 
all of the forward- and rear-drive positions. Therefore, 20 
it is possible to eliminate the first clutch K1 of these 
gear devices by fixing the input shaft 4 to the first sun 
gear 1S of the first planetary gear unit 1. A speed 
changing gear device shown in Fig. 9(a) is a modifi- 
cation of the gear device of Fig. 7(a), in which the first 25 
clutch K1 is eliminated by fixing the first sun gear 1S 
and the input shaft 4 to each other. As indicated in the 
table of Fig. 9(b), the gear device of Fig. 9(a) provides 
five forward-drive positions and one rear-drive posi- 
tion, which are established by concurrent engage- 30 
ment of two coupling devices selected from among 
the two clutches K3, K6 and the three brakes B1-B3. 

Referring next to Fig. 10(a), a speed changing 
gear device shown therein is a modification of the 
gear device of Fig. 8(a), in which the first clutch K1 is 35 
eliminated by fixing the first sun gear 1S and the input 
shaft 4 to each other. As indicated in the table of Fig. 
10(b), five forward-drive positions and two rear-drive 
positions are established by concurrent engagement 
of two coupling devices selected from among the 40 
three clutches K3, K4, K6 and the three brakes BI- 
BS. 

The speed changing gear device of Fig. 5(a) is 
provided as a modification of the gear device of Fig. 
1 (a), by eliminating the third clutch K3 of the gear de- 45 
vice of Fig. 1(a), and adding the fifth clutch K3 for se- 
lective connection between the second and third car- 
riers 2C, 3C. The speed changing gear device of Fig. 
6(a) is provided by modifying the gear device of Fig. 
2(a) in the same manner as described above. This so 
modification in which the third clutch K3 is replaced 
by the fifth clutch K5 may be applied to the gear de- 
vices of Figs. 7(a) and 8(a). 

A speed changing gear device shown in Fig. 11 (a) 
is a modification of Fig. 7(a), in which the third dutch 55 
K 3 is eliminated by fixing the first sun gear 1S and 
the second ring gear 2R to each other, and which has 
the fifth clutch K5 provided for selectively connecting 
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the second and third carriers 2C, 3C. This gear de- 
vice having the three clutches K1, K5, K6 and the 
three brakes B1-B3 is adapted to establish five for- 
ward-drive positions and one rear-drive position, ac- 
cording to the table of Fig. 11(b). 

In the gear device of Fig. 11(a), the first clutch K1 
is engaged for establishing all of the operating posi- 
tions of the gear device, as shown in the table of Fig. 
11(b). Accordingly, it is possible to eliminate the first 
clutch K1 by f being the input shaft 4 to the first sun 
gear 1S. This arrangement is illustrated in Fig. 12(a). 
The gear device of Fig. 12(a) having the two clutches 
K5, K6 and the three brakes B1-B3 operates to estab- 
lish f ive forward-drive positions and one rear-drive 
position, according to the table of Fig. 12(b). 

A speed changing gear device shown in Fig. 13(a) 
is a modification of the gear device of Fig. 8(a), in 
which the third clutch K3 is eliminated by fixing the 
first sun gear 1 S and the second ring gear 2R to each 
other, and which has the fifth clutch K5 provided for 
selective connection between the second and third 
carriers 2C, 3C. As indicated in Fig. 13(b), five for- 
ward-drive positions and two rear-drive positions are 
established by concurrent engagement of three cou- 
pling devices selected from among the four clutches 
K1, K4, K5, K6 and the three brakes B1-B3. 

In the gear device of Fig. 1 3(a), the first clutch K1 
is engaged for establishing all of the operating posi- 
tions of the gear device. Therefore, the first clutch K1 
may be eliminated by fixing the input shaft 4 to the 
first sun gear 1S. This arrangement illustrated in Fig. 
14(a) can provide the same operating positions as the 
gear device of Fig. 13(a), by selectively engaging and 
disengaging the three clutches K4, K5, K6 and the 
three brakes B1-B3 as indicated in Fig. 14(b). 

Each of the clutches K1, K2, K3, K4, K5, K6 used 
in the various embodiments discussed above is pro- 
vided by a multiple-disk type clutch. However, a one- 
way clutch or a multiple-disk clutch in combination 
with a one-way clutch may be used for clutch means, 
for improved fuel economy and noise-free running of 
the vehicle and reduced shifting shocks. Each of the 
brakes B1, B2, B3 used in the various embodiments 
discussed above is provided by a multiple-disk type 
brake. However, a one-way clutch, a band brake, or 
a combination thereof may be used for brake means 
in place of the multiple-disk brake. Typical examples 
of these clutches and brakes are disclosed in Japa- 
nese Patent Applications Nos. 63-1767270 and 63- 
221670. 

While the present invention has been described 
in its presently preferred embodiments with a certain 
degree of particularly, for illustrative purpose only, it 
is to be understood that the invention may be embod- 
ied with various other changes, modifications and im- 
provements, within the scope of the accompanying 
claims, which may occur to those skilled in the art, in 
the light of the foregoing teaching. For example, the 
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two elements of each combination of the planetary 
gear units as defined in the appended Claims may be 
fixed to each other, or selectively connectable to each 
other by clutch means. For example, the first and 
third ring gears 1 R, 3R which are fixed to each other s 
in the illustrated embodiments may be selectively 
connectable by clutch means. Similarly, the second 
and third sun gears 2S, 3S may be selectively con- 
nectable by clutch means. Further, the elements to be 
connected to the input and output shafts, and the ele- 10 
ment(s) to be fixed to the transmission casing may be 
suitably determined. 



Claims 

1. A speed changing gear device in an automatic 
transmission for a motor vehicle, including a first 
single-pinion type planetary gear unit (1) having 
a first sun gear (1S), a first planetary pinion (1P) 20 
meshing with the first sun gear (1S), a first ring 
gear (1 R) meshing with the first planetary pinion 
(1R) and a first carrier (1C) rotatably supporting 
the fist planetary pinion (1P), a second single- 
pinion type planetary gear unit (2) having a sec- 25 
ond sun gear(2S), a second planetary pinion (2P) 
meshing with the second sun gear (2S), a second 
ring gear (2R) meshing with the second planetary 
pinion (2P) and a second carrier (2C) rotatably 
supporting the second planetary pinion (2P), and 30 
a third double-pinion type planetary gear unit (3) 
having a third sun gear (3S), at least one pair of 
third planetary pinions (3P) which mesh with 
each other and one of which meshes with the 
third sun gear (3S), a third ring gear (3R) meshing 35 
with the other of said at least one pair of third 
planetary pinions (3P), and a third carrier (3C) ro- 
tatably supporting said at least one pair of third 
planetary pinions (3P), said first, second and 
third planetary gear units (1,2,3) being disposed 40 
coaxially with each other for transmitting power 
from an input member (4) connected to said first 
planetary gear unit (1) to an output member (5) 
connected with respect to the carrier (2C,3C) of 
said second or third planetary gear unit (2,3), at 45 
a selected one of different speed reduction ratios, 
characterized in that: 

Said first and third ring gears (1R,3R) are 
associated with each other by either fixing 
means for fixing said first and third ring gears to so 
each other, or clutch means for selectively con- 
necting said first and third ring gears to each 
other; 

said first sun gear (1S) and said second 
ring gear (2R) are associated with each other by 55 
either fixing means for fixing said first sun gear 
and said second ring gear to each other, or clutch 
means (K3) for selectively connecting said first 



sun gear and said second ring gear to each other; 

said second and third carriers (2C,3C) are 
associated with each other by either fixing 
means for f being said second and third carriers to 
each other, or clutch means (K5) for selectively 
connecting said second and third carriers to each 
other; and 

said second and third sun gears (2S,3S) 
are associated with each other by either fixing 
means for fixing said second and third sun gears 
to each other, or clutch means for selectively con- 
necting said second and third sun gears to each 
other. 

2. A speed changing gear device according to Claim 

1, characterized in that said first sun gear and 
said second ring gear (1S,2R) are connectable to 
each other by clutch means (K3). 

3. Aspeed changing geardevice according to Claim 

2, characterized in that said first and third ring 
gears (1 R.3R) are fixed to each other for rotation 
as a unit. 

4. A speed changing gear device according to Claim 
2, characterized in that said second and third car- 
riers (2C.3C) are fixed to each other for rotation 
as a unit. 

5. Aspeed changing geardevice according to Claim 
2, characterized in that said second and third sun 
gears (2S,3S) are fixed to each other for rotation 
as a unit. 

6. Aspeed changing gear device according to Claim 
2, characterized in that said output member (5) 
and said second carrier (2C) are fixed to each 
other for rotation as a unit. 

7. A speed changing gear device according to Claim 
1 , characterized in that said second and third car- 
riers (2C,3C) are connectable to each other by 
clutch means (K5). 

8. A speed changing gear device according to Claim 
7, characterized in that said first and third ring 
gears (1 R,3R) are fixed to each other for rotation 
as a unit. 

9. Aspeed changing geardevice according to Claim 
7, characterized in that said first sun gear and 
said second ring gear (1S.2R) are fixed to each 
other for rotation as a unit. 

10. Aspeed changing geardevice according to Claim 
7, characterized in that said second and third sun 
gears (2S.3S) are fixed to each other for rotation 
as a unit. 
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11. A speed changing gear device according to Claim 
2 or a aim 7, characterized in that three clutches 
(K1,K2,K5; K1.K5.K6; K4.K5.K6) including a 
clutch as said dutch means (K5) are provided in 
combination with three brakes (B1.B2.B3), each 
of said different speed reduction ratios being pro- 
vided by concurrent engagement of three mem- 
bers selected from among said three clutches 
and said three brakes. 

12. Aspeed changing gear device according to Claim 
2 or Claim 7, characterized in that four clutches 
(K1,K2,K4,K5; K1,K4,K5,K6) including a clutch 
as said clutch means (K5) are provided in combin- 
ation with three brakes (B1,B2,B3), each of said 
different speed reduction ratios being provided by 
concurrent engagement of three members se- 
lected from among said four clutches and said 
three brakes. 

13. Aspeed changing gear device according to Claim 
2 or Claim 8, characterized in that two clutches 
(K5,K6) including a clutch as said clutch means 
(K5) are provided in combination with three 
brakes (B1,B2,B3), each of said different speed 
reduction ratios being provided by concurrent en- 
gagement of two members selected from among 
said two clutches and said three brakes. 

14. Aspeed changing gear device according to Claim 
2 or Claim 8, characterized in that said input 
member (4) and said first sun gear (IS) are f ixed 
to each other for rotation as a unit 

1 5. Aspeed changing gear device according to Claim 
8, characterized in that said output member (5) 
and said third carrier (3C) are fixed to each other 
for rotation as a unit 

1 6. Aspeed changing gear device according to Claim 
1 , characterized in that said second single-pinion 
type planetary gear unit (2) and said third double- 
pinion type planetary gear unit (3) are provided 
by a Ravigneaux type planetary gear assembly 
having a sun gear (2S f 3S) which functions as said 
second and third sun gears fixed to each other, 
a planetary pinion (2P.3P) which functions as said 
second and third planetary pinions, and a carrier 
(2C.3C) which functions as said second and third 
carriers fixed to each other. 

17. Aspeed changing gear device according to Claim 

16, characterized in that said first sun gear (IS) 
and said second ring gear (2R) are connectable 
to each other by clutch means (K3). 

1 8. Aspeed changing gear device according to Claim 

17, characterized in that said first and third ring 
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gears (1 R.3R) are fixed to each other for rotation 
as a unit. 



5 Patentanspruche 

1. DrehzahlwechselvorrichtungineinemAutomatik- 
getriebe fur ein Motorfahrzeug mit einem ersten 
Planetenradsatz (1) der Einzelritzelbauart, der 

10 ein erstes Sonnenrad (1 S), ein erstes, mit dem er- 

sten Sonnenrad (1S) kammendes Planetenritzel 
(1P), ein erstes, mit dem ersten Planetenritzel 
(1P) kammendes Innenzahnrad (1R) und einen 
ersten Planetenradtrager (1 C), der das erste Pla- 
ys netenritzel (1 P) drehbar lagert, besitzt, mit einem 
zweiten Planetenradsatz (2) der Einzelritzelbau- 
art, der ein zweites Sonnenrad (2S), ein zweites, 
mit dem zweiten Sonnenrad (2S) kammendes 
Planetenritzel (2P), ein zweites, mit dem zweiten 

20 Planetenritzel (2P) kammendes Innenzahnrad 

(2R) und einen zweiten Planetenradtrager (2C), 
der das zweite Planetenritzel (2P) drehbar lagert, 
besitzt und mit einem dritten Planetenradsatz (3) 
derDoppelritzelbauart, der ein drittes Sonnenrad 

25 (3S), wenigstens ein Paar von Pianetenritzeln 

(3P) t die miteinander kammen und von denen ei- 
nes mit dem dritten Sonnenrad (3S) In Eingriff ist, 
ein drittes Innenzahnrad (3R), das mit dem ande- 
ren Planetenritzel aus dem wenigstens einen 

30 Paar von dritten Pianetenritzeln (3P) in Eingriff 

ist, und einen dritten Planetenradtrager (3C), der 
das wenigstens eine Paar von dritten Pianetenrit- 
zeln (3P) drehbar lagert, besitzt, wobei der ge- 
nannte erste, zweite und dritte Planetenradsatz 

35 (1 , 2, 3) koaxial zueinander angeordnet sind, um 

eine Kraft von einem mit dem ersten Planetenrad- 
satz (1) verbundenen Antriebsglied (4) auf ein 
hinsichtlich des Planetenradtragers (2C, 3C) des 
zweiten oder des dritten Plnaetenradsatzes (2, 3) 

40 verbundenes Abtriebsglied (5) mit einem ausge- 

wahlten Obersetzungsverhaitnis aus unter- 
schiedlichen Ubersetzungsverhaltnissen ins 
Langsame zu ubertragen, dadurch gekennzeich- 
net, dad: 

45 - das erwahnte erste sowie dritte Innenzahn- 

rad (1R, 3R) miteinander durch entweder 
dieses erste sowie dritte Innenzahnrad un- 
tereinander fixierende Kopplungseinrich- 
tungen oder durch Kupplungsmittel, die se- 

50 lektiv dieses erste sowie dritte Innenzahn- 

rad miteinander kuppeln, verbunden sind; 
- das besagte erste Sonnenrad (1S) sowie 
das erwahnte zweite Innenzahnrad (2R) 
miteinander durch entweder dieses erste 

55 Sonnenrad sowie zweite Innenzahnrad un- 

tereinander fixierende Kopplungseinrich- 
tungen oder durch Kupplungsmittel (K3), 
die selektiv dieses erste Sonnenrad sowie 
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22 



zweite Innenzahnrad miteinander kuppeln, 
verbunden sind; 

- der genannte zweite sowie dritte Planeten- 
radtrager (2C. 3C) miteinander durch ent- 
weder diesen zweiten sowie dritten Plane- s 
tenradtrager untereinander fixierende 
Kopplungseinrichtungen oder durch Kupp- 
fungsmitte! (K5), die selektiv diesen zweiten 
sowie dritten Planetenradtrager miteinan- 
der kuppeln, verbunden sind; und 10 

- das besagte zweite sowie dritte Sonnenrad 
(2S, 3S) miteinander durch entweder die- 
ses zweite sowie dritte Sonnenrad unterein- 
ander fixierende Kopplungseinrichtungen 
Oder durch Kupplungsmittel, die selektiv 15 
dieses zweite sowie dritte Sonnenrad mit- 
einander kuppeln, verbunden sind. 

2. Drehzahlwechselvorrichtung nach Anspruch 1, 
dadurch gekennzeichnet, daB das besagte erste 20 
Sonnenrad und das erwahnte zweite Innenzahn- 
rad (1S, 2R) durch ein Kupplungsmittel (K3) mit- 
einander kuppelbar sind. 

3. Drehzahlwechselvorrichtung nach Anspruch 2, 25 
dadurch gekennzeichnet, daB das erwahnte er- 
ste sowie dritte Innenzahnrad (1R, 3R) unterein- 
ander fur eine Drehung als eine Einheit fest ge- 
koppelt sind. 

30 

4. Drehzahlwechselvorrichtung nach Anspruch 2, 
dadurch gekennzeichnet, daB der genannte 
zweite sowie dritte Planetenradtrager (2C, 3C) 
untereinander fur eine Drehung als eine Einheit 

fest gekoppelt sind. 35 

5. Drehzahlwechselvorrichtung nach Anspruch 2, 
dadurch gekennzeichnet, daB das besagte zwei- 
te sowie dritte Sonnenrad (2S, 3S) untereinander 

fur eine Drehung als eine Einheit fest gekoppelt 40 
sind. 

6. Drehzahlwechselvorrichtung nach Anspruch 2, 
dadurch gekennzeichnet, daB das erwahnte Ab- 
triebsglied (5) und der genannte zweite Planeten- 45 
radtrager(2C) untereinander fur eine Drehung als 
eine Einheit fest gekoppelt sind. 

7. Drehzahlwechselvorrichtung nach Anspruch 1, 
dadurch gekennzeichnet, daB der genannte so 
zweite und dritte Planetenradtrager (2C ( 3C) 
durch ein Kupplungsmittel (K5) miteinander kup- 
pelbar sind. 

8. Drehzahlwechselvorrichtung nach Anspruch 7, 55 
dadurch gekennzeichnet, daB das erwahnte er- 
ste sowie dritte Innenzahnrad (1R, 3R) unterein- 
ander fur eine Drehung als eine Einheit fest ge- 



koppelt sind. 

9. Drehzahlwechselvorrichtung nach Anspruch 7, 
dadurch gekennzeichnet, daB das besagte erste 
Sonnenrad und das erwahnte zweite Innenzahn- 
rad (1 S, 2R) untereinander fur eine Drehung als 
eine Einheit fest gekoppelt sind. 

10. Drehzahlwechselvorrichtung nach Anspruch 7, 
dadurch gekennzeichnet, daB das besagte zwei- 
te sowie dritte Sonnenrad (2S, 3S) untereinander 
fur eine Drehung als eine Einheit fest gekoppelt 
sind. 

11. Drehzahlwechselvorrichtung nach Anspruch 2 
oder Anspruch 7, dadurch gekennzeichnet, daB 
drei Kupplungen (K1, K2, K5; K1, K5, K6; K4, K5, 
K6), die eine Kupplung als das erwahnte Kupp- 
lungsmittel (K5) einschlieBen, in Kombination mit 
drei Bremsen (B1, B2, B3) vorgesehen sind, wo- 
beijedes dergenannten unterschiedlichen Uber- 
setzungsverhaltnisse ins Langsame durch 
gleichzeitiges Anziehen von drei aus diesen drei 
Kupplungen sowie diesen drei Bremsen ausge- 
wahlten Elementen geschaffen wird. 

12. Drehzahlwechselvorrichtung nach Anspruch 2 
oder Anspruch 7, dadurch gekennzeichnet, daB 
vier Kupplungen (K1, K2, K4, K5; K1, K4, K5, K6), 
die eine Kupplung als das erwahnte Kupplungs- 
mittel (K5) einschlieBen, in Kombination mit drei 
Bremsen (B1, B2, B3) vorgesehen sind, wobei je- 
des der genannten unterschiedlichen Uberset- 
zungsverhaltnisse ins Langsame durch gleich- 
zeitiges Anziehen von drei aus diesen vier Kupp- 
lungen sowie drei Bremsen ausgewShlten Ele- 
menten geschaffen wird. 

13. Drehzahlwechselvorrichtung nach Anspruch 2 
oder Anspruch 8, dadurch gekennzeichnet, daB 
zwei Kupplungen (K5, K6), die eine Kupplung als 
das erwahnte Kupplungsmittel (K5) einschlie- 
Ben, in Kombination mit drei Bremsen (B1, B2, 
B3) vorgesehen sind, wobei jedes dergenannten 
unterschiedlichen Obersetzungsverh§ltnisse ins 
Langsame durch gleichzeitiges Anziehen von 
zwei aus diesen zwei Kupplungen sowie drei 
Bremsen ausgewahlten Elementen geschaffen 
wird. 

14. Drehzahlwechselvorrichtung nach Anspruch 2 
oder Anspruch 8, dadurch gekennzeichnet, daB 
das erwahnte Antriebsglied (4) und das besagte 
erste Sonnenrad (1S) untereinander fur eine Dre- 
hung als eine Einheit fest gekoppelt sind. 

15. Drehzahlwechselvorrichtung nach Anspruch 8, 
dadurch gekennzeichnet, daB das erwahnte Ab- 
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triebsglied (5) und der genannte dritte Planeten- 
radtrager (3C) untereinander fur eine Drehung als 
eine Einhett fast gekoppelt sind. 

16. Drehzahlwechsefvorrichtung nach Anspruch 1 , da- 5 
durch gekennzeichnet, dafc derzweite Plane tertrad- 
satz (2) der Einzeiritzelbauart und der genannte drit- 
te Ranetenradsatz (3) der Do ppelritzel bauart von 
einem Ravfgneaux-Planetengetriebesatz gebfldet 
sind, der ein Sonnenrad (2S, 3S), das als die be- 1 o 
sagten, untereinander test gekoppelten Sonnen- 
rader wirkt, ein Planetenritzel (2P, 3P), das als 

die erwahnten zweiten sowie dritten Planetenrit- 
zel wirkt, und einen Planetenradtrager (2C, 3C) t 
der als die genannten zweiten sowie dritten Pla- 15 
netenradtrager wirkt, besitzt 

17. Drehzahlwechselvorrichtung nach Anspruch 16, 
dadurch gekennzeichnet, dad das besagte erste 
Sonnenrad (1S) und das erwahnte zweite Innen- 20 
zahnrad (2R) durch Kupplungsmittel (K3) mitein- 
ander kuppelbar sind. 



18. Drehzahlwechselvorrichtung nach Anspruch 17, 
dadurch gekennzeichnet, dafc das erwahnte er- 
ste sowie dritte Innenzahnrad (1R, 3R) unterein- 
ander fur eine Drehung als eine Einhert fest ge- 
koppelt sind. 



Revendications 



25 



30 



1. Un dispositrf de changement de vitesse pour 
transmission automatique de vehicule automobi- 
le, comprenant un premier train planetaire (1 ), de 35 
type a pignon unique, comprenant un premier 
planetaire (1S), un premier pignon satellite (1P) 
s'engrenant sur le premier planetaire (1S), une 
premiere couronne dentee (1 R) s'engrenant sur 
le premier pignon satellite (1 R) et un premier por- 40 
te-satet!ites (1C) sur lequel est monte a rotation 
le premier pignon satellite (1P), un second train 
planetaire (2), de type a pignon unique, compre- 
nant un second planetaire (2S), un second pi- 
gnon satellite (2P) s'engrenant sur le second pla- 45 
netaire (2S), une seconde couronne dentee (2R), 
s'engrenant sur le second pignon satellite (2P) et 
un second por te-sa tell ites (2C) sur lequel est 
monte a rotation le second pignon satellite (2P), 
et un troisieme train planetaire de type a double 50 
pignon (3) comprenant un troisieme planetaire 
(3S), au moins une paire de troisiemes pignons 
satellites (3P) s'engrenant sur le troisieme plane- 
taire (3S), une troisieme couronne dentee (3R) 
s'engrenant sur le second pignon satellite d'au 55 
moins ladite paire de troisiemes pignons satelli- 
tes (3P) t et un troisieme por te- satellites (3C), 
supportant a rotation au moins ladite paire de troi- 



siemes pignons satellites (3P), lesdits premier, 
second et troisieme trains planetaires (1, 2, 3) 
etant disposes coaxialement entre eux pour 
transmettre Penergie d'un organe d'entree (4) re- 
lie audit premier train planetaire (1) a un organe 
de sortie (5), relie, par rapport au porte-satellites 
(2C, 3C) desdits second et troisieme trains satel- 
lites (2, 3), a I'un des differents rapports de reduc- 
tion, caracterise en ce que: 

lesdites premiere et troisieme couronnes 
dentees (1R, 3R) sont associees solidairement, 
Tune par rapport a I'autre, par des moyens de 
f ixation, pour f beer lesdites premiere et troisieme 
couronnes dentees solidairement, ou par des 
moyens fbrmant accouplement pour relier selec- 
tivement lesdites premiere et troisieme couron- 
nes dentees entre elles; 

lesdits premier planetaire (1S) et seconde 
couronne dentee (2R) sont associes mutuelle- 
ment, soit par des moyens de fixation pour fixer 
solidairement ledit premier planetaire et ladite se- 
conde couronne dentee, soit par des moyens for- 
mant accouplement (K3) pour relier mutuelle- 
ment, et selectivement, ledit premier planetaire et 
ladite seconde couronne dentee; 

lesdits second et troisieme porte-satellites 
(2C, 3C) sont associes solidairement, soit par 
des moyens de f ixation, pour fixer lesdits second 
et troisieme porte-satellites I'un par rapport a 
I'autre, soit par des moyens formant accouple- 
ment (K5), pour relier selectivement lesdits se- 
cond et troisieme porte-satellites. I'un par rapport 
a Tautre; et 

lesdits second et troisieme planetaires 
(2S, 3S) sont associes mutuellement, soit par des 
moyens de fixation pour fixer solidairement les- 
dits second et troisieme planetaires, soit par des 
moyens formant accouplement pour relier en- 
semble, selectivement, lesdits second et troisie- 
me planetaires. 

2. Un dispositrf de changement de vitesse selon la 
revendication 1, caracterise en ce que ledit pre- 
mier planetaire et ladite seconde couronne den- 
tee (1 S, 2R) peuvent etre relies mutuellement par 
des moyens formant accouplement (K3). 

3. Un dispositrf de changement de vitesse selon la 
revendication 2, caracterise en ce que lesdites 
premiere et troisieme couronnes dentees (1R, 
3R) sont fixes, Tune par rapport a Tautre, de ma- 
nure a effectuer une rotation monobloc. 

4. Un dispositrf de changement de vitesse selon la 
revendication 2, caracterise en ce que lesdits se- 
cond et troisieme porte-satellites (2C, 3C) sont 
fixes, I'un par rapport a I'autre, de maniere a ef- 
fectuer une rotation monobloc 
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5. Un dispositif de changement de vitesse selon la 
revendication 2, caracterise en ce que lesdits se- 
cond et troisieme planetaires (2S, 3S) sont fixes, 
Tun par rapport a I'autre. de maniere a effectuer 
une rotation mono bloc. 

6. Un dispositif de changement de vitesse selon la 
revendication 2, caracterise en ce que (edit ele- 
ment de sortie (5) et ledit second porte-satellite 
(2C) sont fixes, Tun par rapport a I'autre, pour ef- 
fectuer une rotation monobloc. 

7. Un dispositif de changement de vitesse selon la 
revendication 1, caracterise en ce que lesdits se- 
cond et troisieme porte-satellites (2C, 3C) peu- 
vent etre relies mutuellement par des moyens for- 
mant accouplement (K5). 

8. Un dispositif de changement de vitesse selon la 
revendication 7, caracterise en ce que lesdites 
premiere et troisieme couronnes dentees (1R, 
3R) sont fixes, Tune par rapport a I'autre, pour ef- 
fectuer une rotation monobloc. 



13. Un dispositif de changement de vitesse selon la 
revendication 1 ou 8, caracterise en ce que deux 
accouplements (K5, K6), comprenant un accou- 
plement constituant lesdits moyens d'accouple- 

5 ment (K5) sont prevus en combinaison avec trois 

freins (B1 , B2, B3), chacun desdits differents rap- 
ports de reduction de vitesse etant assure par 
I'engagement simpulatenement en prise de deux 
elements choisis parmi lesdits deux accouple- 

10 ments et lesdits trois freins. 

14. Un dispositif de changement de vitesse selon la 
revendication 2 ou 8, caracterise en ce que ledit 
element d'entree (4) et ledit premier planetaire 
(1S) sont fixes. Tun par rapport a I'autre, de ma- 
niere a effectuer une rotation monobloc. 

15. Un dispositif de changement de vitesse selon la 
revendication 8, caracterise en ce que ledit ele- 
ment de sortie (5) et ledit troisieme porte-satelli- 
tes (3C) sont fixes, I'un par rapport a I'autre, pour 
effectuer une rotation monobloc. 

16. Un dispositif de changement de vitesse selon la 
revendication 1, caracterise en ce que ledit se- 
cond train planetaire de type a pignon unique (2) 
et ledit troisieme train planetaire de type a double 
pignon (3) sont constitues par un ensemble en 
forme de train planetaire de type Ravigneaux 
comprenant un planetaire (2S, 3S) fonctionnant 
lorsque lesdits second et troisieme planetaires 
sont f bees l*un par rapport a I'autre, un pignon sa- 
tellite (2P, 3P) fonctionnant comme lesdits se- 
cond et troisieme pignons satellites, et un porte- 
satellites (2C, 3C) fonctionnant comme lesdits se- 
cond et troisieme porte-satellites fixes I'un par 
rapport a I'autre. 

17. Un dispositif de changement de vitesse selon la 
revendication 16, caracterise en ce que ledit pre- 
mier planetaire (1S) et ladite seconde couronne 
dentee (2R) peuvent etre relies mutuellement par 
des moyens formant accouplement (K3). 

18. dispositif de changement de vitesse selon la re- 
vendication 17, caracterise en ce que lesdites 
premiere et troisieme couronnes dentees (1R, 
3R) sont fixes I'une par rapport a I'autre, de ma- 
niere a effectuer une rotation monobloc. 



9. Un dispositif de changement de vitesse selon la 25 
revendication 7, caracterise en ce que ledit pre- 
mier planetaire et ladite seconde couronne den- 
tee (1S, 2R) sont fixes, I'un par rapport a I'autre, 
de maniere a effectuer une rotation monobloc. 

30 

10. Un dispositif de changement de vitesse selon la 
revendication 7, caracterise en ce que lesdits se- 
cond et troisieme planetaires (2S, 3S) sont fixes, 
Tun par rapport a I'autre, de maniere a effectuer 
une rotation monobloc. 35 

11. Un dispositif de changement de vitesse selon la 
revendication 2 ou 7, caracterise en ce qu'il est 
prevu trois accouplements (K1, K2. K5; K1, K5, 
K6; K4, K5, K6), comprenant un accouplement 40 
constituant lesdits moyens d'accouplement (K5), 
en combinaison avec trois freins (B1 f B2 f B3), 
chacun desdits differents rapports de reduction 
etant prevus par I'engagement simultane en prise 
de trois elements choisis parmi lesdits trois ac- 45 
couplements et lesdits trois freins. 

12. Un dispositif de changement de vitesse selon la 
revendication 2 ou 7, caracterise en ce que qua- 
tre accouplements (K1, K2, K4, K5; K1, K4 f K5, so 
K6) comprenant un accouplement constituant 
lesdits moyens formant accouplement (K5) sont 
prevus en combinaison avec trois freins (B1 , B2, 

B3), chacun desdits differents rapports de reduc- 
tion de vitesse etant assure par I'engagement si- 55 
multanement en prise de trois elements choisis 
parmi lesdits quatre accouplements et lesdits 
trois freins. 
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FIG. I (a) 
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FIG.2(a) 




FIG. 2(b) 
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FIG. 5 (a) 




FIG. 5(b) 
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FIG. 6 (a) 



FIG.6(b) 
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FIG. 7 (a) 




FIG. 7(b) 
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FIG. 8 (a) 
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FIG. 9 (a) 
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FIG. I I (a) 




FIG. I Kb) 
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FIG. 12(a) 
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FIG. 12(b) 
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FIG. 13(a) 




FIG. 13(b) 
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FIG. 14(a) 




FIG. 14(b) 
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